Kurloff bodies and Auer bodies in human myeloblasts were examined on account of a suggestion by Downey (1938) that all three are possible homologues.
Russell Bodies The development of intracellular acidophil hyaline bodies, now known to take place in plasma cells, has been recognized since 1890 when William Russell, then pathologist to the Edinburgh Royal Infirmary, first described them as the "characteristic organisms of cancer." He regarded them as fungi, and for their demonstration used eosin and logwood or carbol fuchsin and iodine green. Russell examined a large variety of tissues and came to the conclusion that the acidophil bodies were not found-in degenerations or in typhoid, tubercle, or inflammatory processes in general. Exceptions to this rule he found in gummata and in a case of " gelatinous degeneration of the knee joint." Simple tumours did not contain the bodies; but he found numerous examples in a wide variety of malignant growths. He noted their distribution especially in the small round-cell infiltration in the margin of cancers G where they occur, he says, in little clusters of two, three, four, or five, up to twenty or more, and " the larger clumps are held together by a delicate cementing substance which stains faintly."
Since then many views have been expressed as to the precise nature of Russell bodies and three main theories have been evolved. First, Downey (1911) , Kingsley (1924) , and 'others regard the bodies as pathological secretions or as aggregations of the normal secretions formed as the result of degeneration in the parent plasma cell. Subsequently, it is thought, death of the parent'cell liberates the bodies into the tissues. Secondly, Jordan and Speidel (1929) and Dawson and Masur (1929) regard the cells which contain Russell bodies as haemocytoblasts which have failed to transform in the normal manner into erythrocytes or granulocytes. Thirdly, Michels (1935) considers that the bodies are red blood corpuscles which have been taken up by phagocytic plasma cells.
A review of the literature shows that there is some tendency to refer to Russell cells instead of Russell bodies. It is suggested that the latter is thebetter term, for two reasons. First, Russell him-, self described bodies and not cells, and, secondly, the parent is now known to be the plasma cell, and whatever the true origin of these there is no need to disinherit them on account of their cytoplasmic inclusions.
Sources of Russell Bodies.-Plasma cells containing Russell bodies are found constantly in a wide variety of chronic infections and in the granulomata (Fig. 3) . They are to be found in small numbers in the normal intestinal submucosa of man and in larger numbers in the membrana propria of the abomasum, the fourth or true stomach, of ruminants. In this site they are the A.
PEARS Schollenleukocyten of Weill, described in the abomasum of the sheep. They occur constantly, as described by Russell, in the small round-cell infiltrations at the periphery of malignant tumours (Fig. 1) . Russell bodies occur also in the abnormal plasma cells of plasmacytoma, where, according to Willis (1948) , abnormal proteins produced in the tumour cells appear as rounded fuchsinophil masses or as crystals.
The main sources of Russell bodies in these investigations have been (1) the periphery of malignant tumours, (2) various chronic inflammatory granulomata, (3) six cases of plasmacytoma.
Kurloff Bodies Kurloff bodies were first described by Kurloff in 1889, and independently in the same year by Foa and Carbone, as inclusion vacuoles in the cytoplasm of haemic and splenic lymphocytes in the guinea-pig. They occur in from 2 to 20 per cent of the haemic lymphocytes. Bab is quoted by Ledingham (1906) as having found in the bone marrow and spleen of guinea-pigs certain vacuolated cells containing masses of ill-defined granules staining metachromatically with thionin. These Ledingham, but not Bab, regarded as Kurloff cells.. Ledingham himself (1940) uses the term " cell," but I suggest, for reasons similar to those adduced for Russell bodies, that the term Kurloff body and not cell is more appropriate.
In air-dried films of guinea-pig blood, fixed in methyl alcohol and stained by Romanowsky methods, the appearance of Kurloff bodies varies considerably. In films wet-fixed in Susa, however, the body appears as a uniformly spherical isotropic globule whose diameter may equal and often exceeds that of the nucleus (Fig. 7) . Only where the cells have been crushed by the process of making the film does the material contained in the bodies appear, granular. I consider that the appearances described by Ledingham (1940) based on air-dried methyl alcohol fixed films stained by Giemsa are largely artifact.
There are four theories as to the nature of Kurloff bodies. Secretory Theory.-Kurloff himself originally suggested that they were some kind of secretion (Sekretstoff), and it has also been considered possible that they may represent aggregations of the azurophil granules normally present in lymphocytes.
Parasitic Theory.-According to Ledingham, Mochkovski in 1937 suggested that the bodies were rickettsial and proposed the name Ehrlichia kurlovi in honour of the discoverer, who worked in Ehrlich's laboratory.
Phagocytic Theory.-The bodies have been considered to represent phagocytosed red cells or nuclear remnants derived from other cells (Lazzeroni, 1935) .
Nuclear Theory.-This theory derives from Leinati (1932) , who regards the body as repre-* senting half the nucleus of the lymphocyte which has undergone pycnosis. Lymphocytes with double nuclei connected by a thin band of chromatin are not uncommon in the guinea-pigs
In this investigation, the sole source of Kurloff bodies has been films of adult guinea-pig's buffy coat, wet-fixed in Heidenhain's Susa fixative or in saturated aqueous basic lead acetate.
Method
The use of the periodic acid Schiff reagent (P.A.S.) method in histology was first described by McManus (1946) for the demonstration of mucin and by Hotchkiss (1948) for a wide variety of polysaccharide structures.
By this method the monosaccharide components of polysaccharide structures remaining in the tissues after the use of ordinary aqueous fixatives are oxidized by periodic acid (H104) to polyaldehydes, and the latter are combined in situ with Schiff's reagent (leucofuchsin) to form a red substituted dye. If the periodic acid method is used as described in the appendix on paraffin sections after aqueous fixatives, then five group& of substances may be expected to give positive results and these will not be visible in control sections unexposed to periodic acid. The five groups are given below. L. Polysaccharides.-Of this group glycogen is the only member remaining after aqueous fixation and paraffin embedding.
IL Mucopolysaccharides (simple and complex).
-These are defined by Meyer (1938) Meyer (1945) The three substances hexuronic acid, hexosamine, and hexose are responsible for the development of colour when the periodic acid method is employed. In vitro, equimolecular portions of hexose and hexosamine give the same intensity of colour when oxidized by periodic acid and allowed to react with leucofuchsin.
Cytochemical Distinctions.-Group I.-Glycogen can be removed from sections by hydrolysis with diastase or ptyalin. During this work control sections, where necessary, have been exposed to the action of saliva for ten minutes at room temperature before applying the periodic acid or other techniques.
Group 2.-The only simple mucopolysaccharide with which we are concerned is hyaluronic acid. Experiments suggest that-the amount of this substance present can be reduced by exposing sections to the action of hyaluronidase. Complex mucopolysaccharides contain higher esters of sulphuric acid or phosphoric acid groups and are distinguished by their property of staining metachromatically in dilute aqueous solutions of thionin or toluidine blue. Lison (1936) regards metachromasia as a specific histochemical indication of the presence of higher esters of sulphuric acid, but it is apparent that the phosphoryl groups of ribonucleic acid, in some circumstances, induce metachromatic staining with dilute aqueous thionin.
Hyiauronic acid is metachromatic where it occurs in the form of its sulphuric acid ester as, for instance, in the cornea. In paraffin sections, therefore, metachromasia may signify sulphuric or phosphoric acid groupings.
Further assistance may be obtained by a study of the dye-binding capacity for methylene blue measured at various pH levels (Dempsey and Singer, 1946) . These authors found that mast cell granules and the ground substance of cartilage still bound methylene blue at pH 2 whereas the binding capacity of tracheal mucus-was extinguished at pH 3 and that of ribonucleic acid-at pH 4. The ribonucleic acid they studied was that of thyroid colloid, but I have-found that the ribonucleic acid of plasma cell cytoplasm still binds methylene blue at pH 2.6. After ribonuclease, plasma cell cytoplasm is only faintly blue at pH 6. If the nucleic acids can be excluded the capacity to bind methylene blue below pH 4 almost certainly indicates sulphate ions and thus mucopolysaccharides.
Groups 3 and 4.-These two groups have been subdivided according to Meyer's arbitrary though convenient classification, and no cytochemical distinction is possible between them. Theoretically, substances in Group 3 might be expected to give more colour than those in Group 4 if their hexose components are equal.-Factors such as concentration and availability apparently modify the development of colour to such an extent, however, that no conclusion can be derived from its intensity. The most important point is that substances in Groups 3 and 4 do hot show metachromasia with thionin and will not bind methylene blue below pH 6.
Group 5.-The possibility that periodic acid material in paraffin sections may still belong to this group must always be recognized. Control frozen sections stained for lipid by Sudan IV or Sudan black B and compared with paraffin and frozen periodic acid sections will usually allow the lipoidal nature of the substance to be established or excluded. Russell's own words, " a delicate cementing substance which stains faintly." It is almost certain that this is the basiphilic and pyronin-positive material which is removable by hydrolysis with ribonuclease and is, most probably, ribonucleic acid itself (Fig. 5) .
The substance of which the bodies are composed is unaffected by ribonuclease, diastase, or hyaluronidase, fails to bind methylene blue at pH 6, and is devoid of metachromatic properties. It is, therefore, mucoprotein or at least contains mucoprotein as a major constituent.
Kurloff Bodies.-Guinea-pig lymphocytes have basiphilic cytoplasm which is pyronin-positive; as in the case of human lymphocytes this is due to ribonucleic acid and is removable by ribonuclease. A thin layer of this pyronin-positive ribonucleic acid surrounds each individual Kurloff body (Fig. 7a) , and it is this layer which, irreversibly precipitated as a network either by the vital stains or by air drying of blood films and subsequently fixed and counterstained, has been described by various authors as the inclusion body of the so-called Kurloff cell. In fact the' body within this reticulum is ribonuclease-fast and brilliantly P.A.S.-positive (Figs. 7b and 7c (Fig.-6) . It has been suggested by Holmgren and Wilander (1937) that mast cell granules contain the acid mucopolysaccharide heparin, and the results listed in the Table are in agreement with this view. The pituitary basiphil cells present a problem similar to that posed by plasma cells. It must be emphasized that their granules are primarily only weakly basiphil and that their cytoplasm is secondarily basiphil by virtue of its ribonucleic acid content. As Desclin (1940) has shown, and as Dempsey and Wislocki (1945) have confirmed, this secondary basiphilia is removable by hydrolysis with ribonuclease. After such hydrolysis with ribonuclease, the true f8 granules, which now contain no ribonucleic acid, remain in the basiphils and are weakly stained by S x 10-M methylene blue at pH 6.4 whereas the a granules are stained strongly blue at this pH. The a granules are thus more basiphil than the true f8 granules at this pH.
The basiphil (,8) granules are strongly P.A.S.-positive both before and after ribonuclease and they resist the action of diastase and hyaluronidase. Although Bienwald (1939) Downey (1911) and Kingsley (1924 Most supporters of the secretory theory believe that the formation of Russell bodies is a degenerative phenomenon, and the cytological appearances certainly support such a view. The large cartwheel nucleus of the plasma cell becomes distorted by the pressure of accumulated secretion, shrinks, and becomes pycnotic in the majority of cases, so that death of the cell and liberation of its content appear to be the usual end-result.
In his work on the genesis of red blood corpuscles from eosinophil leucocytes Duran-Jorda (1943a and b, 1948) describes one of the stages of erythropoiesis as a cell, originally called by him the " stem cell " and the " plasma cell with eosinophilic granules." The situation and appearance of this cell parallel so exactly that of the plasma-cellcontaining Russell bodies as to make it almost certain that they are identical. Since Russell bodies are of mucoprotein nature and since red blood cells and the granules of tissue and blood eosinophils are uniformly P.A.S.-negative, I consider that he is mistaken in including the Russellbody-containing plasma cell in his erytliropoietic series.
As far as Kurloff bodies are concerned, the conclusion arrived at in these studies is that they are produced in guinea-pig lymphocytes by a process of secretion similar to that involved in the production of Russell bodies by human plasma cells. Freed from the surrounding ribonucleic acid reticulum, which has misled so many investigators, the structure of Kurloff bodies is seen to be very simple indeed. Of the four theories of origin presented, only Kurloffs original one, which regards them as a secretion, fits the evidence. Ledingham (1940) found that the number of circulating iymphocytes containing Kurloff bodies was normally greater in female than in male guinea-pigs, and greater still in pregnant females, and that the number could be greatly increased by injection of oestrogenic substances (oestradiol). Here is evidence of a controlled stimulus to secretion of mucoprotein affecting guinea-pig lymphocytes.
The present experiments show that, apart from the Russell bodies, the cytoplasm of a proportion of normal plasma cells contains mucoprotein. This substance may have been phagocytosed by the cells or synthesized, or its precursors may have been absorbed and subsequently conVerted into mucoprotein. It is important to know which of these hypotheses is the true one, because if the mucoprotein is synthesized the fact may have some bearing on the possible production of antibody by plasma cells and on the possible production of abnormal globulins by plasmacytoma. Rohr (1936) states that in the bone marrow plasma cells are specialized reticulum cells which phagocytose fat, erythrocytes, and nuclear debris; and Waldenstr6m (1944) goes further and states that in plasmacytoma they take up and store abnormal globulins formed elsewhere in the body. The majority of workers, however, hold the opposite view. Bing and Plum (1937) noted that hyperglobulinaemia and plasma-cell increase tended to be associated, and considered that plasma cells produced the globulins. Bjorneboe and Gormsen (1943) demonstrated in the rabbit immunized against pneumococci that the formation of plasma cells in various tissues accompanied the rise of antibody titre. They were unable to increase the number of plasma cells by injection of globulins, and concluded that antibody globulins are formed by plasma cells but that storage does not take place. Ranstrom (1946) noted the discrepancy between the views of Waldenstrom and the observations of Bjorneboe and Gormsen, and agreed with the latter, though it is fair to note that the findings of their second experiment can only be applied to the particular globulins employed and not to globulins in general. Teilum (1948) also holds that plasma cells and other reticulo-endothelial cells produce the various antibodies and also hyaline and amyloid.
It is evident that the weight of opinion upon plasina cells is against storage and in favour of secretion. It is considered that the inverse relationship between ribonucleic acid and mucoprotein, noted especially in plasma cells w-hich are forming Russell bodies, supports synthesis and not- Ribonuclease.-This was used as a 0.5 per cent solution in is6tonic veronal acetate buffer at pH 6.75. To destroy any remaining proteolytic action the enzyme is heated for 3 minutes at 1000 C. in aqueous solution, and this is added to double-strength acetate buffer to make the solution for use (White, 1947) A crystal of thymol is added to the solution in a coplin jar to prevent bacterial contamination.
Sections are incubated at 370 C. for 1 hour. Hyaluronidase.-500 mg. of dried bull's testis is added to 50 ml. of isotonic veronal acetate buffer at pH 6.99 and stirred gently with a glass rod. The mixture is left for 30 minutes for undissolved solid matter to settle; it is then decanted, and sufficient proflavine (2.8 diamino-acridine hydrochloride) is added to give a faint yellow tinge. Hyaluronidase is quickly destroyed by shaking, but its action is unimpaired by bacteriostatics of the acridine series.
Sections are incubated at 37' C. for 24 hours. A 30 to 40 per cent reduction of P.A.S.-positive colour is obtained in frozen sections of umbilical cord and cornea, and this reduction is not shown in control sections incubated for 24 hours in buffer at pH 6.99. 
